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PART  II 

a.  Program  Objective:  To  understand  basic  mechanisms  of  instability  and  turbulence  in  rotating  fluids  in 
two  and  three  dimensions. 

b.  Significant  results  during  last  year: 

Laboratory  experiments  on  a  zonal  flow  in  a  rotating  annulus  yielded  insight  into  the  phenomenon  of 
blocking  in  the  atmosphere  (where  the  jet  stream  is  deflected  poleward  by  blocking  anticyclones  that 
persist  for  10  days  or  longer).  With  two  symmetric  ridges  on  Ae  bottom  of  the  laboratory  annulus,  the 
resulting  flows  were  nearly  zonal  at  high  forcing,  blocked  at  low  forcing,  and  intermittently  switched 
between  zonal  and  blocked  flows  at  intermediate  forcing  [1,2].  These  observations  provide  new  criteria 
by  which  topographic  effects  on  low-frequency  atmospheric  flows  can  be  distinguished  from  thermal 
effects. 

A  model  of  one-dimensional  random  walks  was  examined  in  which  the  probability  distribution  functions 
for  forward  and  backward  steps  were  both  power  laws  but  with  different  exponents  [3].  Relations  were 
derived  between  the  exponent  for  the  variance  of  the  displacement  and  the  exponents  for  the  probability 
distribution  functions  for  forward  and  backward  steps  and  for  sticking  events.  The  results  for  this  model 
agree  with  observations  of  tracer  particles  in  a  multi-vortex  flow  in  a  laboratory  rotating  annulus. 

Another  study  developed  a  genetic  algorithm  that  produces  neural  feedback  controllers  for  chaotic  systems 
[4].  The  computer  program  to  implement  the  algorithm  is  available  on  the  World  Wide  Web  at 
http://chaos.ph.utexas.ediV~weeks/dsane/ 


c.  Summary  of  plans  for  next  years  work: 

We  will  examine  two-dimensional  (2D)  turbulence  in  a  rapidly  rotating  annulus  where  the  flow  is 
constrained  to  be  2D  by  the  Taylor-Proudman  theorem.  The  velocity  field  will  be  determined  by  particle 
imaging  velocimetry  and  the  results  will  be  compared  with  predictions  for  2D  turbulence.  The  transition 
from  2D  to  3D  flow  will  be  produced  by  either  reducing  the  rotation  rate  of  the  annulus  or  by  increasing 
the  strength  of  the  forcing.  The  observed  properties  of  the  2D  to  3D  transition  will  be  compared  with 
theory  and  numerical  simulations. 
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Office  of  Naval  Research 

Program  Officer  Michael  F,  Shlesinger  ONR  331 
Ballston  Centre  Tower  One 
800  North  Quincy  Street 
Arlington,  VA  22217-5660 

Dear  Michael, 

Enclosed  is  my  annual  report  and  reprints  of  our  papers  from  the  current  grant  year. 
We  are  especially  pleased  with  the  results  on  atmospheric  blocking  phenomena  {Science 
reprint  is  enclosed). 

Reprints  are  also  enclosed  on  our  work  on  strongly  as3nnmetric  random  walks,  and  on  a 
neural  network  algorithm  for  controlling  chaotic  systems. 


Let  me  know  if  you  have  any  questions.  With  best  wishes. 


HLS/df 


